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Objective:  The  aim  of  this  study  was  to  investigate  the  relationship  between  autism  spectrum  disorder
(ASD)  and  general  vaccinations,  including  measles–mumps–rubella  (MMR)  vaccine,  in  Japanese  subjects,
a population  with  high  genetic  homogeneity.
Patients  and  methods:  A case–control  study  was  performed.  Cases  (n =  189)  were  diagnosed  with  ASD,
while  controls  (n  =  224)  were  volunteers  from  general  schools,  matched  by sex  and  birth  year  to  cases.
Vaccination  history  and  prenatal,  perinatal,  and  neonatal  factors  from  the  Maternal  and  Child  Health
handbook,  which  was  part  of  each  subject’s  file,  were  examined.  To  determine  the  relationship  between
potential  risk  factors  and  ASD,  crude  odds  ratios  (ORs)  and  95% confidence  intervals  (95%  CIs)  were
calculated,  and  the  differences  in  mean  values  of  the  quantitative  variables  between  cases  and  controls
were  analyzed  using  an  unpaired  t-test.  Moreover,  MMR  vaccination  and  the  effect  of  the  number  of
vaccine  injections  were  investigated  using  a conditional  multiple  regression  model.
Results:  For  MMR  vaccination,  the OR  was  1.04  (95%  CI,  0.65–1.68),  and  no significant  differences  were
found  for  the  other  vaccines.  For  all  of the  prenatal,  perinatal  and  neonatal  factors,  there  were  no sig-
nificant  differences  between  cases  and  controls.  Furthermore,  regarding  the  presence  of  ASD,  MMR
vaccination  and  the number  of vaccine  injections  had  ORs  of  1.10  (95%  CI,  0.64–1.90)  and  1.10  (95%

CI,  0.95–1.26),  respectively,  in  the  conditional  multiple  regression  model;  no  significant  differences  were
found.
Conclusions:  In  this  study,  there  were  not  any  convincing  evidences  that  MMR  vaccination  and  increasing
the  number  of vaccine  injections  were  associated  with  an  increased  risk  of ASD  in  a  genetically  homoge-
neous  population.  Therefore,  these  findings  indicate  that  there  is  no  basis  for avoiding  vaccination  out  of
concern  for  ASD.
. Introduction

Autism is a life-long neurodevelopmental disorder. Its preva-
ence was long considered to be approximately 4 in 10,000 [1].
ue to broadening of the nosological categorization and more

idespread recognition, however, in recent years the prevalence

f autism spectrum disorder (ASD) [2,3], which includes autism,
sperger syndrome, and Pervasive developmental disorder not
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otherwise specified, has been reported at approximately 1% world-
wide [4–6]. Although the pathogenesis of ASD has not yet been
elucidated, genetic risk factors are strongly implicated, because the
relative risk (�s) among siblings is greater than 20, and heritability
is estimated to be as high as 38–90% [7–9]. In contrast, because the
concordance rate of identical twins is not 100%, one can infer that
environmental factors are also involved, and the recent increase in
prevalence also indicates the involvement of various types of “novel
environmental exposure”. A debate has arisen over the contribution
of vaccination as one environmental trigger of ASD.

The view that vaccination and ASD onset are related dates back

to 1998 when the Lancet article by Wakefield et al. appeared
[10] (the paper was retracted in 2010 because of ethical and
methodological problems [11]). Thereafter, other published reports
suggested a link between the measles–mumps–rubella vaccine
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MMR) and ASD [12–14],  and concerns emerged that thimerosal,
hich is included in other vaccines as a preservative, and vac-

ination with combined vaccines might be risks for ASD onset
15–17].  Other studies, however, that examined retrospective data
nd rejected any such link were published in rapid succession
18–26]. For example, some reported an increase in ASD prevalence
espite a decline in the MMR  vaccination rate [27,28].  In Japan, only
wo reports have been based on a time-series design, and the results
uggested no relationship between MMR  and ASD [29,30]. The most
rominent articles in the past have focused mainly on the results of
cologic studies, and we will discuss the few existing case–control
tudies [31–33].  Each study demonstrated no differences between
SD cases and controls, failing to support a conclusion that immu-
ization using MMR  increases the risk of ASD onset.

Worldwide, reports on studies of immunization with vaccines
ther than MMR  are rare. Moreover, parents or legal guardians
emain apprehensive about the perceived risk of ASD posed by
accination [34–37].  Therefore, the purpose of this study was to
nvestigate Japanese subjects, a genetically homogeneous popula-
ion, regarding links between ASD and immunization with various
accines, including MMR,  as well as the association between
SD and the number of vaccine injections [38]. This is the first
ase–control study in Asia investigating links between vaccina-
ion and ASD onset. These links were examined in ASD cases and
ontrols matched for sex and year of birth based on data found
n the Maternal and Child Health (MCH) handbook. This hand-
ook, provided to all mothers by the relevant Japanese health
ystem institution, is a highly reliable record of early develop-
ent, health, and immunization, and health professionals (e.g.

ublic health nurses, obstetricians, and pediatricians) keep record
f most of the data listed in it [39,40]. In this study, therefore,
ata from the MCH  handbook in terms of vaccination history, as
ell as potential prenatal, perinatal, and neonatal risk factors, were

xamined.

. Patients and methods

.1. Study population

.1.1. Cases (Fig. 1)
The study analyzed case data from patients of the Yokohama

sycho-Developmental Clinic (YPDC), Kanto area, Japan, which
ccepts only patients with suspected developmental disorders. Of
he patients who initially consulted the YPDC from April 1997
opening of the clinic) until March 2011, the cases consisted of
atients who: (1) were diagnosed with ASD, and (2) had been born
etween April 1, 1984 and April 30, 1992, the possible time period
or MMR  vaccination. Subjects whose records in the MCH  handbook
ere missing or illegible and those with a history of vaccination in

nother country were excluded.

.1.1.1. Diagnosis of ASD. Patients were diagnosed based on
he classifications of pervasive developmental disorders in the
iagnostic and Statistical Manual 4th edition (DSM-IV) and stan-
ardized criteria using the Diagnostic Interview for Social and
ommunication Disorder (DISCO) [41,42].  The DISCO is recognized
s one of the best ways to obtain a reliable and valid diagnosis of
SD [43].

One of several child psychiatrists on the team met  the patient’s
arents and used the DISCO to take the patient’s developmental his-
ory. Another child psychiatrist or clinical psychologist conducted

ntellectual or developmental tests, such as the Psycho-Educational
rofile-Revised and Wechsler Intelligence Scale for Children-Third
dition. After the interview and testing, the diagnosis was  made by
he team according to the DSM-IV criteria.
(2012) 4292– 4298 4293

2.1.1.2. Period of birth. MMR  vaccination in Japan was conducted
under specific circumstances. It was  introduced in April 1989, and
only one vaccination using MMR  was included in the immunization
schedule. The monovalent mumps  and rubella vaccines remained
the optimal choice of vaccine for those who did not participate in
the MMR  program. However, soon after the immunization program
commenced, there were several cases of aseptic meningitis, which
may have been caused by the mumps  vaccine [44]. As a result,
in April 1993, the Japanese government ceased extensive inocu-
lation with MMR.  Therefore, children born from April 1984 to April
1992 could receive the MMR  vaccination, and those children were
included in the present study.

2.1.2. Controls (Fig. 1)
One to two controls were selected for each case, matched by sex

and year of birth and recruited as volunteers from general schools
in the Kanto area, the same area where YPDC patients reside. Con-
sent for participation in the present study was  obtained from the
parents (or legal guardians) of the students. Students who had pre-
viously been recognized as having developmental problems and
were already receiving care were excluded, as were those whose
records in the MCH  handbook were missing or illegible and those
with a history of vaccination in another country.

2.2. Source of data

The vaccination history and potential prenatal, perinatal, and
neonatal risk factors collected based on the MCH  handbook,
which was routinely attached to each patient’s file, were exam-
ined. The targeted vaccines were the MMR, generally used
for infants, and the individual vaccines of the same type: the
diphtheria–pertussis–tetanus vaccine (DPT); the polio vaccine; the
B-encephalitis vaccine; and the Bacillus of Calmette and Guerin vac-
cine (BCG). For DPT, Polio, and B-encephalitis, there were many
subjects who  received these vaccines more than once. Therefore,
the times of exposure to these vaccines were counted within the
period of the first three years, when ASD features first appeared.
Maternal hypertension (systolic blood pressure ≥140 mmHg or
diastolic blood pressure ≥90 mmHg), albuminuria or edema, and
anemia were examined as prenatal factors. The birth weight, head
and chest circumference, duration of labor, delivery method (nor-
mal  delivery, cesarean section, and obstetrical vacuum extraction
or forceps delivery), and Apgar score were examined as perina-
tal and neonatal factors. Hypertension, albuminuria or edema, and
anemia were recorded using a two-category scale (yes/no), and the
Apgar score was recorded as an ordinal variable. Duration of labor,
birth weight, and head and chest circumference were handled as
continuous variables. The delivery method was recorded using a
two-category scale (performed/not performed) for each delivery
technique.

2.3. Selection of case children and matched control children

Among the patients who initially consulted the clinic between
April 1997 and March 2011, 1875 cases of ASD were identified.
Of these, 89 cases were excluded because the MCH  handbook was
missing or the vaccination record in the handbook could not be
read, and 3 were excluded because they had received MMR  vac-
cination overseas. Of the remaining 1783 cases, 1429 were born
before March 1984 or after May  1992, leaving 354 cases (males:
n = 286, 80.8%) born between April 1984 and April 1992, the pos-

sible time period for MMR  vaccination. The ASD group consisted
of 280 subjects with Autistic disorder (79.1%), 27 subjects with
Asperger disorder (7.6%), and 47 subjects with Pervasive develop-
mental disorder not otherwise specified (13.3%).
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ig. 1. Numbers of potential cases and controls identified, excluded, and included in
CH  handbook, maternal and child health handbook; MMR,  measles–mumps–rube

As controls, 252 subjects from the general school population
ere recruited into the present study. Of these, 28 cases were sub-

equently excluded because the MCH  handbook was missing or
he vaccination record could not be read. The goal was  to have

 matched control for each case. However, since there were not
nough controls to match to all cases, 189 subjects were chosen
andomly from the ASD group as a case group. The controls were
ndividually matched to cases by age and sex. There were 189 cases,

ean age 22.6 years (SD 2.2), and 224 controls, mean age 22.6 years
SD 2.2), with case-to-control ratios ranging from 1:1 to 1:2 (Fig. 1).

.4. Statistical analysis

.4.1. Analysis 1
Duration of labor was divided into 2 categories of normal (≤20 h)

ersus prolonged labor (>20 h). Because an Apgar score of less than
 has been associated with increased ASD risk [45–48],  the Apgar
core was divided into 2 categories of normal (≥7 points) and low
<7 points). In order to compare the backgrounds of the cases and
ontrols, the crude odds ratios (ORs) and 95% confidence intervals
CIs) were determined for each outcome. The relationship between
SD onset and the total number of vaccine injections was  also

nvestigated. The crude ORs and 95% CI were determined for each.
he differences in the mean values of the quantitative variables
etween cases and controls were examined by an unpaired t-test.
hen necessary, the t-test was modified for unequal variances.
.4.2. Analysis 2
Because this study was only concerned with the theoretical

ncrease in the risk of ASD onset due to the MMR  vaccine injection,
is. YPDC, Yokohama Psycho-Developmental Clinic; ASD, autism spectrum disorder;
ccine.

a conditional logistic model was  applied to evaluate the ORs of
MMR vaccination after adjusting for other risk factors.

2.4.3. Analysis 3
The OR of the total number of vaccine injections after adjusting

for other risk factors was evaluated with the conditional logistic
model.

2.4.4. Power analysis
Power analysis was  performed in accordance to general power

calculation model for chi squared statistics, t-test, and a condi-
tional multiple regression model. In brief, power is determined
with respect to degree of freedom and predefined alpha level of the
study (0.05), number of predictors (in case of a conditional multiple
regression model, 4) after assuming effect size (in accordance with
Cohen’s criteria).

Analysis 1 was  performed using SPSS 17.0 for Japan, and Anal-
yses 2 and 3 used the HALBAU 7. ORs were considered significant
when the lower 95% CI exceeded 1.0. The t-tests were two-sided,
and significance was  defined as p < 0.05. For power calculation
G*power v3.1 was  used.

2.5. Ethical considerations

This study was approved by the ethics committee at Nagoya
University. All data used in this study were clinical data obtained
in the course of conventional diagnosis and therapy, and cooper-

ation in the study placed no burden on individual patients. The
parents or legal guardians of all of the children in the control group
provided their written, informed consent to participate. Personal
information regarding subjects in this study and the resulting data



Y. Uno et al. / Vaccine 30 (2012) 4292– 4298 4295

Table 1
The proportions and crude odds ratios (ORs) and 95% confidence intervals (CI) for ASD according to vaccines, prenatal factors, perinatal factors and neonatal factors.

Variable category n (%) ORs 95% CI p-Value

Cases (n = 189) Controls (n = 224)

Vaccines
MMR  47 (24.9) 54 (24.1) 1.04 0.65–1.68 .86
Measles 126 (66.7) 141 (62.9) 1.18 0.77–1.80 .43
Mumps 110 (58.2) 110 (49.1) 1.44 0.96–2.17 .06
Rubella 108 (57.1) 120 (53.6) 1.16 0.77–1.74 .47
DPT  185 (97.9) 219 (97.8) 1.06 0.24–4.75 .94
Polio  184 (97.4) 221 (98.7) 0.5 0.09–2.43 .73
B-encephalitis 167 (88.4) 206 (92.0) 0.66 0.33–1.34 .22
BCG 182 (96.3) 218 (97.3) 0.72 0.21–2.42 .55

Prenatal factors
Maternal hypertension 6 (3.2) 3 (1.3) 2.42 0.53–12.36 .20
Albuminuria, edema 18 (9.5) 19 (8.5) 1.13 0.55–2.35 .71
Anemia 59 (31.2) 69 (30.8) 1.02 0.66–1.58 .93

Perinatal and neonatal factors
Prolonged labor (>20 h)a 8/169 (4.7) 9/200 (4.5) 1.06 0.36–3.06 .92
Method of delivery
Cesarean section 21 (11.1) 24 (10.7) 1.04 0.54–2.02 .90
Obstetrical vacuum extraction or forceps deliverya 23/168 (13.7) 22/200 (11.0) 1.28 0.66–2.51 .43
Low  Apgar score (<7) 6 (3.2) 2 (0.9) 3.64 0.66–26.39 .09

ORs, odds ratios; CI, confidence intervals; ASD, autism spectrum disorder; MMR,  measles–mumps–rubella vaccines; DPT, diphtheria–pertussis–tetanus vaccines; BCG, Bacillus
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extraction or forceps delivery had ORs of 4.19 (95% CI, 0.46–38.57),
f  Calmette and Guerin vaccine.
a There were 20 cases and 24 controls who  did a cesarean section, and 1 case w

opulation of prolonged labor and obstetrical vacuum extraction or forceps deliver

ere rendered anonymous, and analyses were performed using
nly quantitative data that could not be linked to any particular
ubject.

. Results

.1. Vaccination rate and time of exposure to vaccines

The vaccination rates in cases and controls were as follows:
MR,  24.9% of cases and 24.1% of controls; Measles, 66.7% and

2.9%; Mumps, 58.2% and 49.1%; Rubella, 57.1% and 53.6%; DPT,
7.9% and 97.8%; Polio, 97.4% and 98.7%; B-encephalitis, 88.4% and
2.0%, and BCG 96.3% and 97.3% (Table 1). The mean times of each
accine injection in cases and controls were as follows: DPT, 3.8
imes of cases and 3.7 times of controls; Polio, 1.9 times and 2.0
imes; B-encephalitis, 1.7 times and 1.8 times (Table 2).

.2. Analysis

.2.1. Analysis 1
For each vaccination, the ORs of cases versus controls were as

ollows (no significant differences were found): MMR,  1.04 (95%
I, 0.65–1.68); Measles, 1.18 (95% CI, 0.77–1.80); Mumps, 1.44
95% CI, 0.96–2.17); Rubella, 1.16 (95% CI, 0.77–1.74); DPT, 1.06
95% CI, 0.24–4.75); Polio, 0.50 (95% CI, 0.09–2.43); B-encephalitis,

.66 (95% CI, 0.33–1.34); and BCG, 0.72 (95% CI, 0.21–2.42). Mater-
al hypertension as a prenatal factor had an OR of 2.42 (95% CI,
.53–12.36), but no significant difference was found between cases
nd controls. For the other factors as well, cases did not have

able 2
he comparison of the times of vaccine injection between cases and controls.

Vaccines Cases Controls p-Value
Mean (±SD) Mean (±SD)

DPT 3.8 (±0.8) 3.7 (±0.7) .78a

Polio 1.9 (±0.3) 2.0 (±0.3) .34b

B-encephalitis 1.7 (±0.7) 1.8 (±0.6) .06b

PT, diphtheria–pertussis–tetanus vaccines.
a Student’s t-test.
b Welch’s t-test.
id a cesarean section because of prolonged labor. Thus, They were excluded from

significantly higher ORs than controls. As a perinatal and neona-
tal factor, low Apgar score and obstetrical vacuum extraction or
forceps delivery had an OR of 3.64 (95% CI, 0.66–26.39) and 1.28
(95% CI, 0.66–2.51), respectively, but no significant difference was
found between cases and controls. No other perinatal and neonatal
factors showed significant differences between cases and controls
(Table 1).

A t-test was  performed on the mean values of the times of expo-
sure to DPT, Polio, and B-encephalitis, birth weight and head and
chest circumference between cases and controls, and no signifi-
cant differences were found (p > 0.05 for all). The minimum number
of vaccine injections was 3, and the maximum was 13. The mean
(standard deviation) number of vaccine injections of cases and con-
trols was 11.4 (1.7) and 11.4 (1.7), respectively, and there was  no
significant difference between cases and controls (t = 0.07, p = 0.94)
(Tables 2 and 3).

3.2.2. Analysis 2
Maternal hypertension, low Apgar score, and obstetrical vac-

uum extraction or forceps delivery, which had higher ORs in the
results of Analysis 1, were investigated as confounding factors using
a conditional multiple regression model. With regard to the pres-
ence of ASD, MMR  had an OR of 1.10 (95% CI, 0.64–1.90), and
maternal hypertension, low Apgar score, and obstetrical vacuum
2.06 (95% CI, 0.18–22.12) and 0.98 (95% CI, 0.50–1.92), respectively.
There were no significant differences (Table 4).

Table 3
The comparison of quantitative variables between cases and controls.

Variables Cases Controls p-Value
Mean (±SD) Mean (±SD)

Birth weight (g) 3085.7 (±454.1) 3109.4 (±479.0) .62a

Head circumference (cm) 33.5 (±2.3) 33.6 (±3.0) .88b

Chest circumference (cm) 32.3 (±2.2) 32.3 (±2.7) .90a

The number of vaccine
injections (shots)

11.4 (±1.7) 11.4 (±1.7) .94a

a Student’s t-test.
b Welch’s t-test.
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Table 4
Odds ratios and 95% confidence intervals of MMR  vaccination injection analyzed
with a conditional logistic model.

Factor ORs (95% CI) p-Value

MMR  vaccination injection (−) 1
(+) 1.10 (0.64–1.90) .72

Maternal hypertension (−) 1
(+) 4.19 (0.46–38.57) .21

Low  Apgar score (−) 1
(+) 2.06 (0.18–22.12) .57

Obstetrical vacuum
extraction or forceps
delivery

(−) 1

(+) 0.98 (0.50–1.92) .96
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SD, autism spectrum disorder; MMR,  measles–mumps–rubella vaccines; ORs, odds
atios; 95% CI, 95% confidence intervals.

.2.3. Analysis 3
The number of vaccine injections had an OR of 1.10 (95% CI,

.95–1.26) in a conditional multiple regression model using the
ame confounding factors as for Analysis 2, maternal hyperten-
ion (OR = 3.63, 95% CI, 0.40–33.19), low Apgar score (OR = 2.14,
5% CI, 0.19–23.78), and obstetrical vacuum extraction or forceps
elivery (OR = 1.02, 95% CI, 0.52–1.99), and there was no significant
ifference between cases and controls (Table 5).

.2.4. Power analysis
Regarding power analysis for chi square statistics and t-test,

hen effect size is set to medium (in accordance to Cohen’s crite-
ia), both samples that are characterized in our research had more
han 80% power for detecting association, respectively. However,
n case, size effect is set to small, calculated power were 52% at chi
quare statistics and 53% at t-test. Similarly, regarding a conditional
ultiple regression model, our sample had more than 80% of power

or detecting association in case of medium effect size. However in
ase, size effect is set to small, calculated power was 56%.

. Discussion

The three previous case–control studies focused on the rela-
ionship between ASD and MMR.  Specifically, the investigation of
eStefano et al. was based on the Metropolitan Atlanta Develop-

ental Disabilities Surveillance Program [31]; Smeeth et al. used

ata from the UK General Practice Research Database [32]; and
eWilde et al. examined the association using the UK Doctors’

ndependent Network Database [33]. The aforementioned studies

able 5
dds ratios of one measure and 95% confidence intervals of the number of vaccine

njections analyzed with a conditional logistic model.

Factor ORs (95% CI) p-Value

The number of vaccine
injections

(−) 1

(+) 1.10a (0.95–1.26) .19

Maternal hypertension (−) 1
(+) 3.63 (0.40–33.19) .25

Low  Apgar score (−) 1
(+) 2.14 (0.19–23.78) .54

Obstetrical vacuum
extraction or forceps
delivery

(−) 1

(+) 1.02 (0.52–1.99) .96

SD, autism spectrum disorder; ORs, odds ratios; 95% CI, 95% confidence intervals.
a OR of the number of vaccine injections means OR of increasing one injection of

accine.
(2012) 4292– 4298

provided no epidemiological evidence for a causal association. The
present study is the first case–control study in Asia investigating
the relationship between a variety of vaccines including MMR  and
the risk of ASD onset.

These previous studies were conducted using relatively het-
erogeneous samples in terms of genetic makeup. Conversely, the
Japanese population is thought to be highly homogenous on the
genetic level (which gives us the opportunity to minimize the effect
of population-specific risk factors that might interact with envi-
ronmental exposures (i.e. immunization)), and almost all Japanese
parents have an MCH  handbook. The fact that highly reliable infor-
mation concerning the pregnancy, perinatal, and neonatal periods
is collected in the handbook was advantageous for conducting this
research.

In this study, we  could not find the evidence that MMR  vac-
cination increases the risk of ASD onset. The present results
support the findings from the previous case–control studies con-
ducted in Caucasian populations. Furthermore, we could not find
any evidences that other types of vaccines or a combined effect
of multiple vaccines was associated with ASD onset. Therefore,
this study did not support the theory that vaccinations should
be avoided to reduce the risk of ASD onset. We  should be
more concerned about acquiring infectious diseases by avoiding
vaccinations.

In the results of this study, the 95% CIs of vaccinations, espe-
cially DPT, Polio, and BCG had a wide range because of small power.
The sample size was not large enough to absolutely exclude the
possibility that DPT, Polio, and BCG vaccinations increased the
risk of ASD onset. Additionally, there were no theories about an
increase in the risk of ASD onset concerns with any single types
of vaccine injection that were included in this study, other than
the MMR  vaccine. Then a conditional logistic model was applied
not to DPT, Polio, and BCG, but to MMR  which was  more con-
cerned with the risk of ASD onset. This study was  limited to data
from the MCH  handbook, which from the viewpoint of conduct-
ing an investigation is a highly reliable vaccination data source. On
one hand we  believe we  have obtained very reliable results. How-
ever, on the other hand, the information in this handbook does not
include several factors which were known to increase the risk of
ASD onset, such as parental age at birth, bleeding, birth order, pre-
vious fetal loss, maternal prenatal medication use exclusively for
hypertension and maternal toxaemia which were included in this
study [49], and coexisting conditions that may  influence vaccina-
tions received, for example cardiovascular disease, other physical
diseases or anomaly, epilepsy, or allergy. We  were not able to
investigate such conditions in controls because of the nature of
the data collection procedure, which involved community-based
sampling. Moreover, the relationship is unclear between the time
periods when ASD was diagnosed and when the child was vacci-
nated. It has been hypothesized that early exposure to thimerosal
and immune globulin preparations influence neuropsychological
deficits in children include ASD [16,50]. Additionally, it is possi-
ble that parents lost motivation regarding vaccination before ASD
was  diagnosed because of problems such as the child’s inability
to sit still or frequent tantrums. Even so, both groups showed a
high vaccination rate for each of the vaccines, and because the
main topic of this study was to investigate whether vaccination
increases the risk of ASD onset, we believe these effects can be
ignored.

In future studies on vaccination and ASD, investigations with
larger sample sizes are expected, and we anticipate examining fac-
tors which were known to increase the risk of ASD onset, coexisting

conditions that may  influence vaccination, such as cardiovascular
disease, other physical diseases or anomaly, epilepsy, or aller-
gies, the age at ASD diagnosis and vaccines injection, and reasons
why vaccinations were not performed. We  also look forward to
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rospective studies that include pregnancy, delivery, or even pre-
onception factors that may  be associated with ASD.

In this study, we could not find any convincing evidence that
MR  vaccination and increasing the number of vaccine injections
ere associated with an increased risk of ASD in a genetically
omogeneous population. If such an association exists, it is so rare
hat it could not be identified in this large regional sample. There-
ore, our findings indicate there is no basis for avoiding vaccination
ut of concern for ASD. This study investigated the link between
accination and the risk of ASD, but it does not guarantee the safety
r efficacy of the vaccines. Adverse reactions from vaccines other
han a link with ASD exist. Such adverse reactions must be studied,
nd safer and more effective vaccines must be developed. At one
ime in Japan, mumps  vaccine in the MMR  vaccine caused several
ases of aseptic meningitis. We  should continue to investigate the
afety and efficacy of vaccines carefully and the biological features
f ASD in greater depth to improve outcomes related to long-term
unction and quality of life.

cknowledgments

A part of this study is the result of research grants from the Min-
stry of Health, Labor and Welfare of Japan, and “Integrated research
n neuropsychiatric disorders” carried out under the Strategic
esearch Program for Brain Sciences by the Ministry of Educa-
ion, Culture, Sports, Science and Technology of Japan. The authors
ould like to warmly thank all the students who  took part in this

esearch and their parents and teachers. They are grateful to Profes-
or Nobuyuki Hamajima and Professor Yutaka Inaba for advice and
or checking the statistical analyses. Special thanks are expressed to
oru Yoshikawa, Hiroshi Fujioka, Yuko Yoshida, and Yuriko Hachiya
or their assistance.

eferences

[1] Lotter V. Childhood autism in Africa. J Child Psychol Psychiatry
1978;19:231–44.

[2] Wing L. Autistic spectrum disorders. BMJ  1996;312:327–8.
[3] Wing L. The autistic spectrum. Lancet 1997;350:1761–6.
[4] Baird G, Simonoff E, Pickles A, Chandler S, Loucas T, Meldrum D, et al. Prevalence

of disorders of the autism spectrum in a population cohort of children in South
Thames: the Special Needs and Autism Project (SNAP). Lancet 2006;368:210–5.

[5]  Brugha TS, McManus S, Bankart J, Scott F, Purdon S, Smith J, et al. Epidemiology
of  autism spectrum disorders in adults in the community in England. Arch Gen
Psychiatry 2011;68:459–65.

[6] Kim YS, Leventhal BL, Koh YJ, Fombonne E, Laska E, Lim EC, et al. Prevalence of
autism spectrum disorders in a total population sample. Am J Psychiatry 2011.

[7]  Levy SE, Mandell DS, Schultz RT. Autism. Lancet 2009;374:1627–38.
[8] Hallmayer J, Cleveland S, Torres A, Phillips J, Cohen B, Torigoe T, et al. Genetic

heritability and shared environmental factors among twin pairs with autism.
Arch Gen Psychiatry 2011;68:1095–102.

[9] Lichtenstein P, Carlstrom E, Rastam M,  Gillberg C, Anckarsater H. The genet-
ics of autism spectrum disorders and related neuropsychiatric disorders in
childhood. Am J Psychiatry 2010;167:1357–63.

10] Wakefield AJ, Murch SH, Anthony A, Linnell J, Casson DM,  Malik M,  et al.
Ileal-lymphoid-nodular hyperplasia, non-specific colitis, and pervasive devel-
opmental disorder in children. Lancet 1998;351:637–41.

11] Lancet TEOT. Retraction-Ileal-lymphoid-nodular hyperplasia, non-specific col-
itis, and pervasive developmental disorder in children. Lancet 2010;375:445.

12] Kawashima H, Mori T, Kashiwagi Y, Takekuma K, Hoshika A, Wakefield A.
Detection and sequencing of measles virus from peripheral mononuclear
cells from patients with inflammatory bowel disease and autism. Dig Dis Sci
2000;45:723–9.

13] Uhlmann V, Martin CM,  Sheils O, Pilkington L, Silva I, Killalea A, et al. Potential
viral pathogenic mechanism for new variant inflammatory bowel disease. Mol
Pathol 2002;55:84–90.

14] Delong G. A positive association found between autism prevalence and child-
hood vaccination uptake across the U.S. population. J Toxicol Environ Health A
2011;74:903–16.

15] Joint statement of the American Academy of Pediatrics (AAP) and the United

States Public Health Service (USPHS). Pediatrics 1999;104:568–9.

16] Bernard S, Enayati A, Redwood L, Roger H, Binstock T. Autism: a novel form of
mercury poisoning. Med  Hypotheses 2001;56:462–71.

17] Offit PA. Vaccines and autism revisited—the Hannah Poling case. N Engl J Med
2008;358:2089–91.

[

[

(2012) 4292– 4298 4297

18] Farrington CP, Miller E, Taylor B. MMR  and autism: further evidence against a
causal association. Vaccine 2001;19:3632–5.

19] del Kaye JA, Mar Melero-Montes M,  Jick H. Mumps, measles, and rubella vaccine
and the incidence of autism recorded by general practitioners: a time trend
analysis. BMJ  2001;322:460–3.

20] Dales L, Hammer SJ, Smith NJ. Time trends in autism and in MMR  immunization
coverage in California. JAMA 2001;285:1183–5.

21] Fombonne E, Chakrabarti S. No evidence for a new variant of
measles–mumps–rubella-induced autism. Pediatrics 2001;108:E58.

22] Makela A, Nuorti JP, Peltola H. Neurologic disorders after measles–mumps–
rubella vaccination. Pediatrics 2002;110:957–63.

23] Taylor B, Lingam R, Simmons A, Stowe J, Miller E, Andrews N. Autism and
MMR  vaccination in North London; no causal relationship. Mol Psychiatry
2002;7(Suppl. 2):S7–8.

24] Madsen KM,  Hviid A, Vestergaard M,  Schendel D, Wohlfahrt J, Thorsen P,
et  al. A population based study of MMR  vaccination and autism. New Engl J
2002;347:1477–82.

25] Chen W,  Landau S, Sham P, Fombonne E. No evidence for links between autism,
MMR  and measles virus. Psychol Med  2004;34:543–53.

26] Richler J, Luyster R, Risi S, Hsu WL,  Dawson G, Bernier R, et al. Is
there a ‘regressive phenotype’ of autism spectrum disorder associated with
the measles–mumps–rubella vaccine? A CPEA Study. J Autism Dev Disord
2006;36:299–316.

27] Taylor B, Miller E, Farrington CP, Petropoulos MC,  Favot-Mayaud I, Li J, et al.
Autism and measles, mumps, and rubella vaccine: no epidemiological evidence
for a causal association. Lancet 1999;353:2026–9.

28] Fombonne E, Zakarian R, Bennett A, Meng L, McLean-Heywood D. Pervasive
developmental disorders in Montreal, Quebec, Canada: prevalence and links
with immunizations. Pediatrics 2006;118:e139–50.

29] Honda H, Shimizu Y, Rutter M.  No effect of MMR  withdrawal on the inci-
dence of autism: a total population study. J Child Psychol Psychiatry 2005;46:
572–9.

30] Uchiyama T, Kurosawa M,  Inaba Y. MMR-vaccine and regression in autism spec-
trum disorders: negative results presented from Japan. J Autism Dev Disord
2007;37:210–7.

31] DeStefano F, Bhasin TK, Thompson WW,  Yeargin-Allsopp M,  Boyle C. Age at
first measles–mumps–rubella vaccination in children with autism and school-
matched control subjects: a population-based study in metropolitan Atlanta.
Pediatrics 2004;113:259–66.

32] Smeeth L, Cook C, Fombonne E, Heavey L, Rodrigues LC, Smith PG, et al. MMR
vaccination and pervasive developmental disorders: a case–control study.
Lancet 2004;364:963–9.

33] DeWilde S, Carey IM,  Richards N, Hilton SR, Cook DG. Do children who
become autistic consult more often after MMR  vaccination. Br J Gen Pract
2001;51:226–7.

34] Stephen D, Sugarman SD. Cases in vaccine court—legal battles over vaccines
and autism. N Engl J Med  2007;357:1275–7.

35] Casiday R, Cresswell T, Wilson D, Panter-Brick C. A survey of UK parental
attitudes to the MMR  vaccine and trust in medical authority. Vaccine
2006;24:177–84.

36] Cassell JA, Leach M,  Poltorak MS,  Mercer CH, Iversen A, Fairhead JR. Is the cul-
tural context of MMR  rejection a key to an effective public health discourse.
Public Health 2006;120:783–94.

37] Hilton S, Hunt K, Petticrew M.  MMR:  marginalised, misrepresented
and rejected? Autism: a focus group study. Arch Dis Child 2007;92:
322–7.

38] Haga H, Yamada R, Ohnishi Y, Nakamura Y, Tanaka T. Gene-based SNP discovery
as  part of the Japanese Millennium Genome Project: identification of 190,562
genetic variations in the human genome. Single-nucleotide polymorphism. J
Hum Genet 2002;47:605–10.

39] Kunugi H, Nanko S, Takei N, Saito K, Murray RM, Hirose T. Perinatal complica-
tions and schizophrenia. Data from the Maternal and Child Health Handbook
in  Japan. J Nerv Ment Dis 1996;184:542–6.

40] Ohara K, Tanabu S, Yoshida K, Sato Y, Shibuya H. Obstetric complications
in  siblings of Japanese schizophrenics: data from the Maternal and Child
Health Handbook. Prog Neuropsychopharmacol Biol Psychiatry 2005;29:
617–20.

41] Wing L, Leekam SR, Libby SJ, Gould J, Larcombe M.  The diagnostic
interview for social and communication disorders: background, inter-
rater reliability and clinical use. J Child Psychol Psychiatry 2002;43:
307–25.

42] Leekam SR, Libby SJ, Wing L, Gould J, Taylor C. The diagnostic interview for
social and communication disorders: algorithms for ICD-10 childhood autism
and Wing and Gould autistic spectrum disorder. J Child Psychol Psychiatry
2002;43:327–42.

43] Nygren G, Hagberg B, Billstedt E, Skoglund A, Gillberg C, Johansson M.  The
Swedish version of the Diagnostic Interview for Social and Communica-
tion  Disorders (DISCO-10). Psychometric properties. J Autism Dev Disord
2009;39:730–41.

44] Sugiura A, Yamada A. Aseptic meningitis as a complication of mumps vaccina-
tion. Pediatr Infect Dis J 1991;10:209–13.
45] Eaton WW,  Mortensen PB, Thomsen PH, Frydenberg M.  Obstetric complica-
tions and risk for severe psychopathology in childhood. J Autism Dev Disord
2001;31:279–85.

46] Hultman CM,  Sparen P, Cnattingius S. Perinatal risk factors for infantile autism.
Epidemiology 2002;13:417–23.



4 ne 30 

[

[

[49] Gardener H, Spiegelman D, Buka SL. Prenatal risk factors for autism: compre-
298 Y. Uno et al. / Vacci

47] Glasson EJ, Bower C, Petterson B, de Klerk N, Chaney G, Hallmayer JF. Perinatal

factors and the development of autism: a population study. Arch Gen Psychiatry
2004;61:618–27.

48] Larsson HJ, Eaton WW,  Madsen KM,  Vestergaard M,  Olesen AV, Agerbo E,
et  al. Risk factors for autism: perinatal factors, parental psychiatric history,
and  socioeconomic status. Am J Epidemiol 2005;161:916–25, discussion 26–8.

[

(2012) 4292– 4298
hensive meta-analysis. Br J Psychiatry 2009;195:7–14.
50] Thompson WW,  Price C, Goodson B, Shay DK, Benson P, Hinrichsen VL, et al.

Early thimerosal exposure and neuropsychological outcomes at 7 to 10 years.
N Engl J Med  2007;357:1281–92.


	The combined measles, mumps, and rubella vaccines and the total number of vaccines are not associated with development of ...
	1 Introduction
	2 Patients and methods
	2.1 Study population
	2.1.1 Cases (Fig. 1)
	2.1.1.1 Diagnosis of ASD
	2.1.1.2 Period of birth

	2.1.2 Controls (Fig. 1)

	2.2 Source of data
	2.3 Selection of case children and matched control children
	2.4 Statistical analysis
	2.4.1 Analysis 1
	2.4.2 Analysis 2
	2.4.3 Analysis 3
	2.4.4 Power analysis

	2.5 Ethical considerations

	3 Results
	3.1 Vaccination rate and time of exposure to vaccines
	3.2 Analysis
	3.2.1 Analysis 1
	3.2.2 Analysis 2
	3.2.3 Analysis 3
	3.2.4 Power analysis


	4 Discussion
	Acknowledgments
	References


